The luminescence mechanism is one of the most fundamental properties governing the performance of quantum well opto-electronic devices, The previous studies of photoluminescence( PL ) h a y sielded valuable, but controversial interpretations on this probl~m ' . In this paper we reportadetailed investigation of the temperature behavior of PL from GaAs-GaAlAs multiple quantum we1 Z(MC2W) structures. Our results show that at low temperature, the PL from MQW is excitonic: in nature, but the intrinsic exciton may thermally dissociate and consequently the free carrier recombination becomes predominant. The dissociation temperature of the exciton varies from sample to sample, depending on the material quality. We have also studied the temperature dependence of the PL spectra from MQW consisting of wide and narrow wells. The luminescence intensity ratio from wide and narrow wells has been found to be temperature dependent and understood by considering the transport process of the photoexcited electrons.
The investigated samples were grown by a home-made molecular beam epitaxy(MBE) system on (100) GaAs substrate and studied using a conventional photoluminescence technique. Fig. 1 shows the peak energy position of the n=l electron-heavy hole recombination(den0ted as Elh) vs temperature for two different samples, For a high quality sample (curve 1). which presents very sharp spectrum with the full width at half maximum(FWHM) as narrow as 1.2 meV at 11K, Elh follows GaAs band gap Eg (GaAs) very closely. However, for the sample with poor quality (curve 2), from which both broader intrinsic luminescence(FWHM of 9meV) and relatively strong impurity-related extrinsic luminescence were observed3, Elh peak obviously does not closely follow Eg(GaAs). For the sake of comparison the Eg(GaAs) curve was redrawn to coincide with curve 2 at low temperature, as indicated by the dashed line in Fig. 1 . It is observed that the difference between the toso curves varies as temperature is changed. At temperatures above 200K the Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987524 energy d i f f e r e n c e i s about 8meV I I which i s i n good agreement ?.rltt: t h e e x c i t o n b i n d i n g energy g i v e n by Greene et a14. T t is t h e n r e a s o n a b l e t o s u g g e s t t h a t -t h e PL emission p r o c e s s v a r i e s from t h e i n t r i n s i c e x c i t o n i c r e c o m b i n a t i o n a t low tempera--.-& t u r e t o free c a r r i e r recombinat i o n a t h i g h temperature, I n t h e t e m p e r a t u r e r a n g e o f lOOK t o 200K, b o t h p r o c e s s e s a r e i n v o l v e d . N e v e r t h l e s s t h e y a r e n o t c l e a r l y i d e n t i f i e d i n t h e -s p e c t r a due t o t h e thermal b r o a d e n i n g e f f e c t . The above i d e n t i f i c a t i o n has been conf i r m e d by t h e e x c i t a t i o n depend e n c e o f F ' t , i n t e g r a t e d i n t e n s i -
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p u r i t y may i n t r o d u c e l o c a l e l e c t r i c f i e l d , which w i l l f a c il i t a t e t h e d i s s o c i a i o n o f e x c i t o n due t o s p a t i a l s e p a r a t i o n o f t h e e l e c t r o n s and holes'.
Secondly, t h e d e g r a d a t i o n o f t h e i n t e r f a c e smoothness p r o v i d e s more t r a p p i n g c e n t e r f o r c a r r i e r s , consequently denying t h e f o r m a t j o n o f e x c i t o n . W e have, i n g r e a t e r d e t a i l , i n v e s t i g a t e d t h e t e m p e r a t u r e dependence o f t h e FL s p e c t r a from quantum w e l l s t r u c t u r e s c o n s i s t i n g of wide and narrow wells. A v e r y i nt e r e s t i n g f e a t u r e i n t h e Fig.2 shows t h e PL s p e c t r a o b t a i n e d from s a m p l e 86031 a t d i f f e r e n t t e m p e r a t u r e s . The sample i s a s e p a r a t e -c o n f i n em e n t o s t r n c t u r e w i t h f i v e 1 4 1 A w s l l s ( rown f i r s t ) a n d o n e 190 3 w e l l sepa- Fig.2 Photoluminescence s p e c t r a from confinement s t r u c t u r e w i t h sample 86031 a t d i f f e r e n t temperatures. a l t e r n a t i v e 1 0 wide w e l l s (LZ=87 A ) and 10 narrow wellsfLZ=40 8), s e p a r a t e d by 1 0 0 % G~o .~A~o ,~A s b a r r i e r s and sandwiched between Gw, gA10,qAs c l a dd i n g l a y e r s . For c l a r i t y , t h e lumin e s c e n c e c o m p e t i t i o n i s c h a r a c t e ri z e d by t h e r a t i o R = I~/ I N , and t h e t e m p e r a t u r e dependence o f R f o r samples 86031 and 85049 i s p l o t t e d i n Fig.4 and Fig.5 , r e s p e c t i v e l y .
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Fig.3 Fhotol~inescence spectra P ( E~) = c o~s~( $ ) -~/~~x P -(~~ from sample 85049 a t d i f f e r e n t t e m p e r a t u r e , showing t h e l r u n i -
n e s c e n c e c o m p e t i t i o n phenomenon where Lp is the mean free path for s c a t t e r i n g , and &E i s t h e mean e n e r g y l o s s p e r c o l l . i s i o n , w h i l e Lp(in 8 ) and S E ( i n meV) a r e g i v e n by ~~" 6 3 . 6
(ep-1 ) / ( eS+1) ( 3 ) &~= 3 6 ( e p -l ) / ( e P + l ) ( 4 I n t h e c a l c u l a t i o n s , t h e i n i t i a l d i s t r i b u t i o n o f e l e c t r o n s a t t h e boundary o f t h e f i r s t w e l l c o u l d b e d i f f e r e n t due t o d i f f e r e n t sample s t r u c t u r e s . For sample 85049, where Ec i s t h e conduction band edge o f t h e c l a d d i n g l a y e r , and T i s l a t t i c e temperature, The r e s u l t a n t d i s t r i b u t i o n i s t a k e n a s t h e i n it i a l s i t u a t i o n f o r t h e n e x t w e l l and can b e d e s c r i b e d by an approx i m a t e f u n c t i o n where B i s a n a d j u s t a b l e parameter, i s a s h a r p edge o f high energy. Consequently w e can n u m e r i c a l l y c a l c u l a t e t h e energy d i s t r i b u t i o n s i n a l l w e l l s . The e l e c t r o n s c o l l e c t e d by each w e l l can b e e s t i m a t e d based on t h e assumption t h a t t h o s e e l e c t r o n s w i t h E c O ( i.e. below t h e b o t t o m o f t h e conduction band o f t h e b a r r i e r l a y e r ) are c o l l e c t e d by t h e corresponding w e l l s . A s a r e s u l t , t h e luminescence i n t e n s i t y r a t i o IW/IN i s o b t a i n e d . The r e s u l t s a r e shown i n Fig.4 and Fig.5 i n dashed c u r v e s .
From t h e comparison between experimental r e s u l t s and c a l c u l a t e d o n e s , i t i s obvious t h a t t h e above s i m p l e model a l o n e cannot be a p p l i e d t o e x p l a i n t h e e x p e r i m e n t a l r e s u l t s . The d i s c r e p a n c y i s p r o b a b l l y due t o t h e i n a p p r o p r i a t e n e g l e c t o f t h e phonon a s s i s t e d t u n n e l i n g e f f e c t , temperature dependence of carrier lifetime, and different sample conditions(interface, residual impurity etc.). The detailed investigation is under progress.
